Quadratic detection of discrete-time stochastic signals in additive stationary Gaussian noise is considered. A banded-quadratic detector structure is introduced to reduce the multiplieative complexity and data storage requirements of the optimum full-quadratic detector, and the optimization of this reduced-complexity structure is studied. The issue of performance versus complexity is explored for the specific problems of detecting wide-sense Markov and triangularly correlated signals in white noise, with the conclusion that performance of the reduced complexity detector can be very close to optimum if an adequate quadratic-form bandwidth is chosen.
INTRODUCTION
In this paper we consider the problem of detecting the presence of stationary stochastic signals in additive stationary Gaussian noise in discrete time. A commonly used detection strategy for this situation consists of the comparison to a threshold of a quadratic form in the observations, and the optimization of this type of detector has been considered by a number of investigators (see, for example, Baker • or Gardner:). In the general case, for a detector using n observations, the computation of this optimum quadratic detection statistic requires O (n 2) multiplications and the storage of up to (n-1) past samples or transformed samples. Of course, for special signal and noise models, these figures may be reduced by recursive computations3; however, it is of interest to consider ways of reducing this complexity in the general case.
We address this problem by considering a class of quadratic detectors based on the comparison to a threshold of a banded-quadratic detection statistic. We investigate the asymptotic (n --• oo ) performance of these detectors and derive the optimum detector within this class. The particular case of detection in white noise is treated numerically for some specific signal models, with the conclusion that such detectors can perform very nearly optimally when designed properly, but that care must be exercised when choosing the width of the band in the banded-quadratic statistic.
The paper is organized as follows. In Sec. I some rel- 
and we will compare two detection schemes using the ratio of their asymptotic deflections [dividing by n in (4) keeps the limit finite and nonzero for the detectors of interest here]. Within mild regularity conditions, this ratio (as 0 --• 0) also gives the low-SNR Pitman asymptotic relative efficiency 5 of the two detectlob schemes, which is a measure of the relative number of samples the two schemes require to achieve identical performance. Using either interpretation, this criterion gives a good indication of large-sample detection performarice.
Before considering the problem of designing quadratic detectors for (1), it is of interest to consider the situation of ( 1 } in which the signal sequence is a known positive constant, i.e., Si ----/• > 0 for all i. In this case a useful detection strategy for (1} is of the form of (2} with statistic which, although not optimum for (I) unless the noise is white, is less complex than the optimum detector of(5). The asymptotic deflection ratio of (6} relative to {5) is given straighfforwardly by
1./.)] -' (7)
The limit of (7} equals unity under very mild conditions on the noise spectrumfN (see Grenander ? or DavissonS); thus, for the deterministic-signal version of (1 }, the simple detector of(6) is asymptotically equivalent to the optimum detector of (5). This equivalence is not too surprising if one notes that, within mild regularity, X•.
• is asymptotically (n -+ oo ) Toeplitz; i.e., tim • has elements a,• ----at•_•l. This implies that which is equivalent to (6} since the constant term can be absorbed into the threshold. Now, and for the remainder of this paper, we consider the situation of(l) in which the signal is random with zero mean. In this case it is conventional to use a quadratic detector for (1}, and the optimum (maximum-deflection} quadrat- 
II. PERFORMANCE OPTIMIZATION OF BANDED-QUADRATIC DETECTORS
In general, the computation of the quadratic statistic of (8) requires O (n :) multiplications and the storage of (n --1) data samples or transformed data samples. Alternatively, the simple quadratic detector of(10) requires only n multiplications and the storage of only the accumulated sum of squares. However, as noted above, this simplified detector can perform poorly as compared to (8), and thus it is of interest to consider a class of quadratic detectors with complexities intermediate to these two extremes in hopes of achieving near -optimum performance with lower complexity than that required for (8}. One such class of detectors is the class of banded-quadratic detectors of the form of (2) with statistic T•t., (x,) = x,rB•t,, x., 
SincefM is a trigonometric polynomial, the numerator term of (18) this case was investigated in some detail with the conclusion that the number of quadratic terms is an important design consideration in quadratic detectors since poor performance can result from inadequate choice of this parameter.
